Glucose is usually chosen as the energy source for total parenteral nutrition. However, the optimal glucose: fat ratio for peripheral parenteral nutrition has not been examined sufficiently. We compared glucose: fat ratios in hypocaloric nutrition. Male SD rats were given hypocaloric parenteral nutrition (approx. 190kcal/kg/d) for 5 d after laparotomy. The hypocaloric solutions used contained 0, 33, 50, 67 or 100% of the non-protein energy in the form of fat. Body weight change, nitrogen balance, organ weights, and hepatic, splenic and plasma biochemistries were assessed. Body weight increase in the 67 and 100% fat groups was significantly greater than that in the 0% fat group. Ni trogen balance was the same in all groups. Hepatic glycogen content was significantly lower in the 100% fat group than that in the 0% fat group. The weight of epididymal fat deposits was significantly lower in the 0% fat group than in the 50 and 67% fat groups. On the other hand, tissue triglyceride content and plasma lipid levels in the 100% fat group were significantly higher than in the 0% fat group, and were also higher than in the control group. It is suggested that combinations of glucose and fat have sparing effects on body fat and hepatic glyco gen. Combinations of glucose and fat as non-protein energy sources were superior to glucose or fat alone for hypocaloric parenteral nutrition. Key Words rat, peripheral parenteral nutrition, laparotomy, glucose, fat emulsion Peripheral parenteral nutrition (PPN) has been developed for reasons of safety, simplicity and cost. The use of PPN avoids certain disadvantages seen in total paren teral nutrition, such as complexity of technique and catheter-related sepsis (1, 2). However, PPN also has disadvantages such as thrombophlebitis, which is a serious problem (3) and limits the amount of energy that can be supplied. The causes of thrombophlebitis are thought to be the pH (4), osmolarity (5) and titratable acidity (6) of the solution. To avoid increases in the osmotic pressure of the solution and provide energy sources effectively via the peripheral vein, fat emulsions are frequently 47
chosen as principal energy sources because they exert no osmotic pressure and contain more energy per gram than glucose. Yamazaki et al (7) showed that PPN fat emulsion had a nitrogen-sparing effect and was therefore as effective as glucose in injured rats, and Skillman et al (8) and Dworkin et al (9) obtained similar results in clinical studies. Glucose-amino acid and fat-amino acid mixtures showed similar effects on nitrogen balance in these studies. Glucose: fat ratios in total parenteral nutrition have been studied extensively, and the optimal fat proportion is ap proximately 30% of the non-protein energy sources (10) (11) (12) . However, the optimal glucose: fat ratio in PPN, and the relative values of glucose and fat as energy sources are unclear. Recently, Smith et al (13) and Kohlhardt et al (14) showed that 70-75% of the non-protein energy sources could be provided in the form of fat via the peripheral vein. However, the optimal glucose: fat ratio for PPN is still uncertain.
This study using laparotomized rats was carried out in order to investigate the nutritional effects of hypocaloric solutions containing different glucose: fat ratios . Fig , 1 .
Body weight change in the 0% fat group was slightly negative and significantly lower than that in the 67 and 100% fat groups . All infusion groups showed positive nitrogen balances, and there were no significant differences between groups . Relative weights of organs are shown in Table 2 . Liver weight in the infusion groups was lower than that in the control group, and that in the 0% fat group was significantly lower than in the 33, 50 and 67% fat groups. There were no significant differences in spleen weight. The weight of epididymal fat deposits in the infusion groups was lower than that in the control group, and in the 0% fat group, it was significantly lower than in the 50 and 67% fat groups.
Plasma biochemistry
The results are shown in Table 3 . The concentrations of triglyceride and NEFA increased with the amount of fat infused. The triglyceride and NEFA concentrations in the 67 and 100% fat groups were higher than those in the control group. The concentration of glucose in the infusion groups was lower than that in the control group, and that in the 0% fat group was significantly lower than in the other infusion groups. The concentration of total protein in the infusion groups was also lower than that in the control group, and there were no differences between the infusion groups.
Organ biochemistry
The protein and glycogen contents of the liver are shown in Fig. 2 . Both protein and glycogen contents in the infusion groups were lower than those in the control group. Among the infusion groups, protein content in the 0% fat group was significantly lower than that in the 50, 67 and 100% fat groups . Conversely, glycogen content in the 100% fat group was significantly lower than that in the 0% fat group .
The triglyceride contents of the liver and spleen are shown in Fig . 3 . Both of these values increased with the increased infusion of fat , and significant differences were observed between the 0% fat group and the 50, 67 and 100% fat groups . Moreover, the levels in the 100% fat group exceeded those in the control group .
DISCUSSION
In this study, rats were given approximately 190kcal/kg/d , which is considered to be lower than their energy requirement , as Martins et al (10) showed that 270kcal/kg/d was suboptimal for normal rats, and that 350kcal/kg/d permitted more rapid weight gain than 270kcal/kg/d. On the other hand , Chang and Silvis (18) showed that glucose infusions containing over 300kcal/kg/d invariably resulted in grossly fatty liver. On the basis of these reports, the energy level in this experiment was therefore estimated to be approximately two-thirds of the rats' requirements .
We prepared glycerol-free fat emulsions instead of using commercial fat emulsions because Brennan and Moore (19) showed that glycerol in fat emulsions has a protein-sparing effect. From the results of body weight gain and weight of epididymal fat deposits, it was suggested that solutions containing fat were superior to fat-free solution. On the other hand, in the 100% fat group, the hepatic and splenic triglyceride contents and the plasma lipid levels were higher than those in the control group. Although the effects of fat emulsions on the reticuloendothelial system are still controversial (20) , the accumulation of lipids in the liver and spleen in the 100% fat group was not a favorable finding. In addition, this group showed a significant decrease in hepatic glycogen content. Gluconeogenesis from fat cannot occur, and this might be the cause of glycogen depletion in the 100% fat group. From these results, 100% fat is considered to be a non-optimal composition. With respect to protein metabolism, the protein content of the liver was lower in the 0% fat group than in the other infusion groups. In the 67% fat group, the plasma lipid levels were also higher than those in the control group. Moreover, it is generally thought that the amount of fat infusion from the vein for Japanese should not exceed 1-1.5g/kg/d. From this viewpoint, it is surmised that 67% fat as a non-protein energy source is somewhat high. The amino acid and total energy contents of the solutions were 3% and 700kcal/L, respectively. The amino acid level was chosen on the basis of the find ings of Hwang et al (21) ; even if energy intake is suboptimal, at least 1g/kg/d of amino acids should be infused in surgical patients. If 2,000mL/d of the solutions used in this study were infused into humans, amino acid intake would be 60g/d. With amino acid concentration at 1g/kg/d in a 700kcal/L solution, the osmolarity of the 33% fat solution was over 1,000mOsm/kg. The osmotic pressure of solutions for peripheral infusion should not exceed 800 to 1,000mOsm/L (3, 22, 23) , and the 33% fat solution used in this study would therefore not be available for PPN without using especially long catheters (24, 25) . PPN is a useful technique, and our results suggest that 1,400kcal/2,000mL can be provided by using fat emulsion. However, the energy level is restricted when compared with TPN. If parenteral nutritional management lasts more than 7-10d, TPN will be better than PPN.
In conclusion, a combination of glucose and fat as the non-protein energy sources in PPN was superior to either glucose or fat as the sole non-protein energy source. From the results of the osmotic pressure of the solution and lipid metabolism, 50% fat as a non-protein energy source was optimal in our PPN regimen.
